Abstract
Background
Global mortality shifting towards a higher burden of chronic diseases (CD) has urged health organizations to adopt a change of scheme. The WHO estimates that by 2030, 56% of the 67 million deaths will be attributable to CD, which will also negatively impact the social and economic burden of chronic diseases [1, 2] . Even if CD are responsible for 42% of total healthcare costs, Canadian healthcare funding is still mainly allocated to traditional acute-care [3] . Effective preventive and disease management approaches including health education and self-management support could reduce significantly the burden of chronic diseases [4, 5] The link between CD and known risk factors such as physical inactivity, alcool and tobacco use and unhealthy eating habits makes it a preventable public health issue [6] . Evidence supports the use of patient education and self-management support as key components of programs to improve the overall health of patients with chronic diseases [7, 8] . Further recommendations for chronic diseases prevention and management (CDPM) programs claim that innovative strategies need to be integrated into primary healthcare [9] [10] [11] , multimorbidity-focused [12] , coordinated by primary healthcare nurses [13] , and focussed on interdisciplinary collaboration [11, 14] .
Despite evidence of positive outcomes of such programs [15] , the variability in weight and type of evidence shown between studies leaves space for a better understanding of the characteristics that lead to improvement of participant health in CDPM programs [16, 17] . Currently, there is a research gap in the understanding of outcome development mechanisms from CDPM interventions. Thus, the aim of this study is to explore the predictive factors of positive outcomes of an interdisciplinary CDPM intervention among adult patients presenting chronic conditions or their risk factors in PHC.
Methods

Design
This study presents the secondary analysis of a pragmatic randomized controlled trial that examined the effects of an interdisciplinary CDPM intervention integrated into PHC practices: the PR1MaC project [18] . The current analysis follows a predictive correlational design with the goal to highlight the predictive factors of success of this CDPM intervention.
Intervention
Based on a pragmatic and a patient-centered approach, CDPM services in the PR1MaC project were adapted to patient needs and integrated in PHC services with focus on self-management support, health education, motivational interviewing and interprofessionnal collaboration. The intervention lasted 3 months and involved at least three individual interviews with CDPM practitioners, consisting of nurse coordinators, physical activity therapists, nutritionists, respiratory therapists and smoking cessation specialists [18] .
Population
Patients were recruited from eight primary healthcare practices in the Saguenay-Lac-St-Jean region (Québec, Canada) [18] . Participants between 18 and 75 years old presenting at least one CD (diabetes, asthma, COPD, cardiovascular diseases) or CD risk factor (physical inactivity, obesity, unhealthy eating habits, smoking, glucose intolerance, metabolic syndrome) were identified by their primary healthcare provider. Patients with cognitive impairment or no rehabilitation potential according to their provider were not eligible. Analyses focused on the intervention arm sample of the randomized trial only and sought to characterize improvement in the eight domains of the Health Education Impact Questionnaire (heiQ) measured at baseline and after three months.
Power analysis
Rule of thumb in logistic regression proposes that a sample of ten events per variable for each independent variable included in the regression model is adequate to attain sufficient statistical power [19, 20] . The intervention arm of the project included 160 participants and twelve independent variables were retained [21] .
Dependent variables
Main outcomes were substantive improvement in the eight domains of the Health Education Impact Questionnaire (heiQ) measured at baseline and at three months. The heiQ is a self-assessment questionnaire with forty questions divided into eight domains (Health Directed Behavior, Positive and Active Engagement in Life, Emotional Wellbeing, Self-Monitoring and Insight, Constructive Attitudes and Approaches, Skill and Technique Acquisition, Social Integration and Support, Health Services Navigation) (Cronbach alphas from 0.7 to 0.89 [22] ). A translated French Canadian version of the heiQ was used in the PR1MaC study [23] . The outcome of the heiQ is a dichotomic indication of substantial improvement in a domain. The substantial improvement is a variance-adjusted reliable change of mean between T0 and T1 [24] and constitutes the dichotomous dependent variable. The percentage of people who showed an improvement in each domain is shown in Table 1 . Definitions of each domain of the heiQ are available in the original developmental work of the instrument [22] .
Domain
People who improved (%) 
Independent variables
Following the methods suggested by Kleinbaum to identify predictive factors with logistic regression, the first step of the statistical analysis was to identify significant variables from the scientific literature [25] . A literature review was conducted to identify characteristics associated with the success of CDPM programs for patients affected by chronic diseases and/or their risk factors. MEDLINE, CINAHL, PsycINFO and ERIC databases were consulted. Articles retained were peer-reviewed, quantitative in design, written in English or French and published between 1980 and 2013. Evaluation of the quality of the papers and the identification of characteristics related to positive outcomes of interventions in CDPM reduced the selection to eleve papers. The characteristics retained were separated into two groups, patient-related and intervention-related. The patient-related characteristics were: age [26] [27] [28] , gender [28] [29] [30] , marital status [31] , education [28] , multimorbidity [29, 32, 33] , self-efficacy (SE) [31] , doing sufficient physical activity at baseline [31] . The interventionrelatedcharacteristics were: intervention duration [33] , number of professionals involved [28] , professionals working in consensus [28] and number of risk factors aimed by the intervention objectives [34] . Highlighted variables were associated with the same variable or a proxy present in the PR1MaC project database (Table 2) .
Characteristic from the literature
Included independent variable (type) from the PR1MaC project database
Associated with patients
Chronic disease < 2 [29, 32, 33] Disease burden morbidity assessment score (DBMA) (continuous)
Young age [26] [27] [28] Age (continuous)
Gender [28] [29] [30] Gender (dichotomous)
Education [28] Education AND Family income (continuous)
Doing physical activity at baseline [31] Sufficient physical activity (dichotomous) Healthy eating habits (dichotomous)
Having social support [31] Marital status (dichotomous)
Associated with the intervention
Continuity of care [28] Professionals focusing on the same risk factors (dichotomous)
Interprofessional collaboration [28] Number of professionals (continuous)
Disease-specific intervention [34] Number of risk factors aimed by patient objectives (continuous)
Primary healthcare context [44] Not relevant
Longer intervention [33] Length of the intervention in hours (continuous) Table 2 : Patient and intervention characteristics from the literature and associated variables from the PR1MaC project database.
The intervention-related characteristics were gathered with a chart audit in the eight primary healthcare clinics where the intervention took place. Patient variables retained were age, gender, education, family income, marital status, number of chronic diseases and associated burden (score from the Disease Burden Morbidity Assessment by self-report) [35] , self-reported healthy eating habits (consumption of five or more protion of fruit and vegetables daily) at baseline and sufficient physical activity (20-30 min of exercise 4 times per week) at baseline. Intervention variables retained were: intervention duration, number of primary healthcare professionals involved, primary healthcare professionals working in consensus and number of risk factors. Details on the instruments used are available elsewhere [18] (Supplementary table) .
Data analysis
Dichotomous variables were correlated with significant characteristics from the literature, multicollinearity was assessed and univariate analysis was done for results interpretation. The main analysis performed is a backward stepwise method of logistic regression using SPSS statistics for Mac OS version 20 [36] . A statistic adjustment was then applied to the p-value based on BenjaminiHachberg's method of assessing false discovery rate bias in multiple testing analysis [37] .
Ethical considerations
The PR1MaC project received approval from the research ethics board of the Centre de santé et de services sociaux de Chicoutimi (Project 2010-044). Informed consent was obtained from all participants.
Results
Sample description
A sample of 160 patients (84 male) referred by PHC providers was assigned to the intervention arm (mean age 52.7 ± 11.5 years); 87.3% had completed high school; 58.4% were employed, 19% were smokers, 98.5% presented two or more chronic conditions and 31% had healthy eating habits at baseline. At three months post-intervention, 75.3% of the participants had attained sufficient improvement in at least one domain. Detailed information about the sample can be found in Table  3 .
Age, years (mean ± SD)
52. 
Marital status
Married (%) 68.7
Number of chronic diseases (mean ± SD)
Smokers (%) 19
Healthy eating habits at baseline 1 (%) 31
Doing sufficient physical activity at baseline 2 (%) 10
Number of risk factors on which the patient wanted to work (mean ± SD) 2.2 ± 0.8
Number of professionals involved in the intervention (mean ± SD) 2.6 ± 0.7
Length of the intervention (mean hours ± SD) 4.0 ± 1.5 
Characteristics of the participants linked to positive effects
Associations showed by the logistic regression analysis are presented in Table 4 Table 4 : Univariate and multivariate logistic regression analysis to predict improvement in the heiQ domains, only significant predictive factors are shown, 1: Multivariate analysis was adjusted using the Benjamini & Hochberg method [37] .
Characteristics of the intervention linked to positive effects
All intervention-related variables were associated with an improvement in at least one domain each. 
Multiple testing adjustment of Benjamini-Hochberg
The increasing number of hypotheses in a statistic analysis is associated with a probability to find rare events, which could lead researchers to reject the null hypothesis and cause a type I error [38] . Benjamini and Hochberg (1995) developed an approach to control the false discovery rate in multiple statistical testing. This approach was preferred over the widely used Bonferroni approach for its increased power. When a statistical adjustment was applied to the results, we failed to reject the null hypothesis for all variables [25] . The impact of the adjustment on result interpretation will be discussed in the next section.
Discussion
Although associations were found in some aspects of the intervention, most known predictive factors from the literature did not attain the significance level in the regression models. In some domains, the dataset of the PR1MaC project offered a limited number of subjects who had improved, which could have reduced the likelihood of identifying associations in the Health Directed Behavior, SelfMonitoring and Insight and the Social Integration and Support domains.
Some sociodemographic variables and the number of chronic diseases (Disease Burden Morbidity Assessment score), offered little to no predictability of improvement in outcomes. The population studied presented a high percentage of multimorbidity with 83.8% of the participants having three chronic conditions or more. The high proportion of people with complex health conditions may have reduced the possibility to identify an association between the number of chronic diseases and improvement in the heiQ domains. Nevertheless, age offered prediction of a significant improvement for Health Services Navigation and Emotional Wellbeing, showing that older patients tended to get the least improvement from the intervention, results similar to previous observations [26, 28, 32, 39] . Even if a multivariate association was found with age, univariate analysis did not show statistical significance in any domain, indicating possibility of noise or variable interaction. In contrast with other studies [28, 30] , gender was not identified as a predictive factor of effect. However, these studies identified contradictory associations, one showing a female gender association and another, a male gender association, indicating that it may be an inconsistent predictive factor.
Having healthy eating habits at baseline showed to be a predictive factor of improvement in the Constructive Attitude and Approaches domain. One study identified a relation with high level of physical activity [31] , which we were unable to identify in our analysis, possibly due to a limited proportion of participants doing sufficient physical activity at baseline (10%). Nevertheless, this analysis shows that healthy eating habits can be related to an improvement in the construction of attitudes as an indication of patients that want to take control over their life.
Being married showed an inverse relationship with the Psychological Well-Being domain in the population studied. These findings go against current evidence on the subject, which describes an association between happiness and being married [40] . Authors insist that controlling for satisfaction with marriage (self-assessed good or poo satisfaction with marriage situation) has an important effect on the self-assessed depression and well-being outcome variables, implying that people unhappy with their marriage have a lower happiness level then unmarried people [41] . Because the PR1MaC study did not include the measurement of satisfaction with marital situation, we are unable to control for that factor.
Family income also showed an inverse relationship with improvement in emotional well-being; this result could arise from the high economic status of our sample. Fifty-one percent of the sample identified their family income to be 50 000 CAN$ /year or more (scale maximum); this may position toward a restrained predictability of this independent variable because we had limited distribution in other categories. Also, family size was not assessed, therefore it was impossible to adjustfamily income for the family size. It is important to consider that in this domain, the results of the univariate and multivariate analysis do not match, indicating the potential presence of noise or interaction.
Longer interaction with the primary healthcare professionals showed a moderate to strong association with the Positive and Active Engagement in Life domain. This finding follows the assumption that increased exposure to the intervention would induce patient motivation to change their health habits. A longer contact with the healthcare team has also shown to be a predictive factor of improvement in the Health Services Navigation domain showing that it may help patients understand how the healthcare system works and how to communicate their care needs to the provider. Our results go in the same sense as Harrison et al. who demonstrated that a longer intervention was a predictive factor of program satisfaction in the population studied [26] .
Another interesting finding was the association of number of professionals working with the patient and improvement in the Skill and Technique Acquisition domain. A multidisciplinary team is already described as a key element of efficient CDPM interventions [11] . Our findings revealed an improvement in the Skill and Technique Acquisition over the course of the program when more professionals were involved. Having more specialised healthcare providers engaged in a CDPM intervention leads to better knowledge-based skill and technique acquisition and a more efficient management of their symptoms. This result offers a better understanding of a key element of innovation in CDPM, the multidisciplinary intervention. Moreover, results showed that professionals working in a cohesive manner on the same risk factors was associated with improvement in the Health Services Navigation domain. As identified by other authors, disorganized and fragmented services constituted barriers for patients, such as confusion and feelings of being overwhelmed by the process [42] . Findings emphasize the importance of cohesive multidisciplinary teams in CDPM, showing that professionals working together offer coordinated care with direct improvement in the way patients perceive the healthcare delivery system and in communication of their needs to the provider.
A limited number of risk factors on which patients wanted to work showed to be associated with improvement in the Constructive Attitudes and Approaches domain. This indicates that a focused intervention can place patients in a situation where they want to take control over their health status. A literature review has already shown that interventions in the context of multimorbidity tend to be more successful when targeting one risk factor at a time [34] .
Finally, it is important to assess the nature of the adjustments applied to the analysis. Numerous independent variables showed significance in the models proposed. With the adjustment approach applied, we failed to reject the null hypothesis for all variables. This suggests that all results from the multivariate analysis could be false positives. Even if there is some criticism over the need for adjustment in multiple testing methods [43] , it needs to be considered to make informed decisions about the results of the present study. Loss of significance after these statistical adjustments suggests that observations should be validated, but they open the door to the interpretation of results mechanisms in CDPM interventions [37] .
Limits and biases
The intervention arm was limited to 160 participants and analysis showed that in some domains a relatively small portion of these participants improved. This limitation emphasizes the possible lack of power, providing some explanation as to why we were unable to highlight predictive factors in the Health Directed Behavior, SelfMonitoring and Insight and the Social Integration and Support domains. Thus, the limited power in some domains indicates that associations found in the study are likely to be an underestimation for the regression model used. Nonetheless, a more extensive sample could highlight other predictive factors for the variables that had a limited number of events.
The short post-intervention evaluation time (3 months) limits the spectrum of results that could be presented. Authors state that results at six months represent only short-term effects, therefore, our results could be complemented by the evaluation of effects over a longer term [16] . Even if the psychometric qualities of the heiQ are well established [22] , it is still a fairly new tool that has been used in a limited number of published evaluation studiesusing it as an outcome measure, therefore it is difficult to compare our results with other studies. Also, the French-canadian version could also have introduced biases in the results.
Conclusions
This attempt at the identification of predictive factors of improvement offers only a glimpse of the complexity of the underlying mechanisms of CDPM interventions. In this analysis, an association with age is showed in the Health Services Navigation and Emotional Well-Being domains, identifying age as an important factor for intervention adjustment. The results showed that involving more professionals, having longer contact with the provider and providers working together were predictors of improvement for the patients. Additionally, a focused intervention including fewer risk factors seems to indicate improvement for the patient with CD. From a clinical point of view, these findings offer characteristics of interest in modelling strategies for intervention implementation and effects evaluation. The small portion of variance explained indicates that there is a need for further investigation of the underlying process of improvement. Additionally, the impact of adjustments in a multivariate analysis is showed in this research and the high potential for false discovery highlights the need for validation before using these findings. In an attempt to describe causal relationships between relevant characteristics and improvement, this research adds to the understanding of the complex mechanisms of efficiency and provides information on the optimisation of CDPM delivery.
